The API2-MALT1 fusion gene was originally identified from a t(11;18)(q21;q21) translocation, a specific chromosomal abnormality that is found in mucosa-associated lymphoid tissue (MALT) lymphoma. Gastric MALT lymphomas positive for the API2-MALT1 fusion gene do not respond to Helicobacter pylori-eradication therapy, but otherwise, the incidence and clinicopathological behavior of colorectal MALT lymphoma with this genetic abnormality are unclear. We examined the API2-MALT1 fusion by multiplex RT-PCR method in 47 cases of MALT lymphoma and 13 cases of diffuse large B-cell lymphoma and evaluated the relevance of API2-MALT1 positivity to the clinical and pathological features. The mean ages of MALT lymphoma and diffuse large B-cell lymphoma patients were 65 (range, 37-87 y) and 58 (range, 14 -85 y) years, respectively. API2-MALT1 fusion genes were detected in seven cases (15%) of MALT lymphoma and one case (8%) of diffuse large B-cell lymphoma. In MALT lymphomas, the tumor size in API2-MALT1-positive cases was 62 ؎ 39 mm (mean ؎ SD), statistically larger than that in API2-MALT1-negative cases (25 ؎ 19 mm; P < .01). The API2-MALT1-positive cases demonstrated more advanced clinical stages and a male predominance, compared with API2-MALT1-negative cases. Thus, API2-MALT1-positive tumors should be cared for as a more aggressive subgroup and be followed for a longer time.
Mucosa-associated lymphoid tissue (MALT) lymphomas are unique tumors that originate from acquired MALT associated with chronic inflammation or autoimmune responses, e.g., Helicobacter pyloriassociated chronic gastritis, Hashimoto's thyroiditis, Sjögren's syndrome, etc. (1, 2) . MALT lymphoma affects various organs, among which the stomach is the most frequently involved (1) (2) (3) . Interestingly, the majority of gastric low-grade MALT lymphoma cases, those proven to be neoplastic by detection of monoclonal rearrangement in immunoglobulin (Ig) genes, regress after eradication of H. pylori (4, 5) .
Recently, the t(11;18) chromosomal translocation was identified as a specific chromosomal abnormality in some MALT lymphomas (6 -8) , and the API2-MALT1 fusion gene was found to be associated with this abnormality (9 -11) . API2 contains three sets of baculovirus inhibitor of apoptosis repeats (BIRs), a caspase recruitment domain (CARD), and a RING finger domain. API2 is thought to suppress apoptosis by inhibiting caspases and activation of NF-B (12, 13) . MALT1 contains Ig-like domains that bind BCL10 (9, 11, 14) . Gastric MALT lymphomas with this abnormality do not respond to H. pylori eradication (15) (16) (17) (18) (19) . Therefore, two types of gastric MALT lymphomas may exist: one associated with H. pylori-induced gastritis and negative for t (11;18) and the other positive for t (11;18) and histogenetically not directly related to H. pylori infection.
MALT lymphoma is less frequently found in the large intestine (3, 20, 21) , and in this site often exhibits a submucosal tumor, macroscopically. Only a few reports have described the regression of colorectal MALT lymphomas to antibiotic treatments that are generally found to be successful for gastric tumors (22, 23) . The presence of the t(11;18) translocation in colorectal MALT lymphomas has occasionally been reported (24 -26) , but, to our knowledge, the incidence and clinicopathological characteristics of lymphomas with, compared with without, this abnormality have not yet been addressed.
MATERIALS AND METHODS

Cases
Formalin-fixed, paraffin-embedded tissues from 60 cases of MALT lymphoma and diffuse large B-cell lymphoma of the colorectum were retrieved from the pathology files at the Okayama University Graduate School of Medicine and Dentistry, Aichi Cancer Center Hospital, Kawasaki Medical School Hospital, and Wakayama Medical University between 1989 and 2000. All cases were reviewed to confirm the histological diagnosis according to the criteria of the World Health Organization Classification for Tumors of Hematopoietic and Lymphoid Tissues (1). We diagnosed colorectal MALT lymphomas by the findings as follows: centrocyte-like cells and/or monocytoid cells proliferation, especially at the outside of the mantle zone (marginal zone distribution); presence of plasmacytic differentiation and/or follicular colonization in some cases; and absence of CD5, CD10, and cyclin D1 overexpression. Lymphoepithelial lesions in colorectal MALT lymphoma were not as obvious as those of gastric tumors were (representative histologies were shown in Fig. 1 ). All patients were Japanese. Lymphomas that involved the colon and rectum secondarily were not included in the study. Clinical data for each case were obtained from pathological reports and medical reports. As summarized in Table 1 , the number of MALT lymphomas was 47 (17 from males and 30 from females), and that of diffuse large B-cell lymphoma was 13 (7 from males and 6 from females). Mean ages of MALT lymphoma and diffuse large B-cell lymphoma cases were 65 (range, 37-87 y) and 58 (range, 14 -85 y) years, respectively. A sample from each case was used for molecular analysis and immunohistochemistry.
Immunohistochemistry
To confirm the diagnosis of MALT lymphoma and diffuse large B-cell lymphoma, immunohistochemistry was performed using the indirect immunoperoxidase method with secondary antibodies conjugated to peroxidase-labeled dextran polymer (EnVision ϩ ; DAKO Japan, Kyoto, Japan), according to the manufacturer's instructions. The primary monoclonal antibodies (MAbs) were against the following antigens: CD20 and CD79a, purchased from DAKO Japan; CD5 and CD10, from Novocastra Lab (Newcastle, U.K.); and cyclin D1, from ZYMED (San Francisco, CA). The MALT lymphoma cells were positive for CD20 and CD79a and negative for CD5, CD10, and cyclin D1.
Immunostaining for the BCL10 protein was also performed. In brief, 3-m-thick tissue sections were heat retrieved in 10 mM citric acid buffer (pH 6.0) in a microwave oven for 30 minutes. These were incubated with an anti-BCL10 antibody, diluted 1:100 (ZYMED), at 4°C overnight, and were subjected to the indirect immunoperoxidase method using EnVision ϩ . Finally, they were visualized by 3'3-diaminobenzidine HCl in H 2 O 2 . A nuclear staining pattern of Ͼ10% of the lymphoma cells was defined as positive for BCL10 and was independently determined by two pathologists to make a consensus evaluation.
Detection of Clonality
DNA was extracted from unstained, formalinfixed, paraffin-embedded samples. Clonality was examined as described previously (27, 28) . In brief, amplification of IgH genes was performed by seminested PCR, using primers directed to the Framework 2 or Framework 3 region and to the joining region. At least two DNA samples were extracted from each paraffin block and separately subjected to PCR reaction. The DNA amplification of each material was carried out more than once. The amplified products from each patient were electrophoresed in parallel. The determination as "clonal" was made only when a single or dominant discrete band was consistently reproduced from different specimens.
Detection of the API2-MALT1 Fusion Gene
AP12-MALT1 fusion genes were detected using the multiplex RT-PCR method as described previously (29) . Briefly, 3-mm-thick, deparaffinized sections were incubated in digestion buffer (20 mM Tris, pH 8.0, 20 mM EDTA, 1% SDS, and 1 mg/mL proteinase K) at 56°C overnight. Total RNA was extracted using TRIZOL LS (Invitrogen Japan, Tokyo, Japan). RT-PCR primers are listed in Table 2 . Reverse transcription was performed using SuperscriptII (Invitrogen Japan) at 42°C for 30 minutes. The PCR program was as follows; 40 cycles at 95°C for 30 seconds, at 50°C for 45 seconds, and at 72°C for 1 minute for the first round; and 35 cycles at 95°C for 15 seconds, at 55°C for 30 seconds, and at 72°C for 45 seconds for the second round. The amplified products were separated on a 4% agarose gel and purified. Purified samples were directly sequenced by Big Dye terminators (Applied Biosystems Japan, Tokyo, Japan) and analyzed on an ABI prism 310 genetic analyzer (Applied Biosystems).
Statistical Analysis
Student's t test and Fisher's exact probability test were used to compare clinical data or BCL 10 immunostaining positivity between the API2-MALT1-positive and -negative cases.
RESULTS
Clinical Features of MALT Lymphoma and Diffuse Large B-Cell Lymphoma
In a total of 60 patients, the median follow-up periods ranged from 1 to 133 months, except for 5 patients who failed to be followed. With regard to clinical stages, 61% of the patients with MALT lymphoma and 30% of the patients with diffuse large B-cell lymphoma remained at Stage I. In both types of lymphoma, 20% of patients advanced to Stage IV. Lymph nodal involvement was seen in 13 cases; 9 cases: regional lymph nodes, 2: paraaortic lymph nodes, 1: paravaginal lymph nodes, and 1: systemic lymph nodes. Extranodal involvement was seen as follows; 3 cases in the stomach, 3 in the small intestine, and 1 in the thyroid, bone marrow, and lungs, respectively. In all cases, the main organ was colorectum, and clinical records showed colorectal origin. Cases that were thought to be secondary involvement or primary organ undetermined were not included in the present series.
According to International Prognostic Index, the risk was found to be low in 71% of patients with MALT lymphoma and in 63% of patients with diffuse large B-cell lymphoma. Approximately one half of the patients received only resection (surgical or endoscopic) therapy. A combined therapy of resec- Tables 1 and 3 for further specifics on patient clinical features.
Pathological Features of MALT Lymphoma and Diffuse Large B-Cell Lymphoma of the Colon and Rectum
The most frequent location of tumors in the 60 lymphomas was the rectum (29 cases, 48%). In MALT lymphomas, 27 cases arose in the rectum, followed by 7 cases in multiple sites (5 cases involving the rectum) and 5 cases in the cecum. Diffuse large B-cell lymphoma cases did not seem to have such a predilection, with cases almost equally involving the cecum, ascending colon, rectum, and multiple sites.
Elevated lesions (polyp or submucosal tumor) were formed in 89% of MALT lymphoma cases and 31% of diffuse large B-cell lymphoma. Ulcerative lesions were formed much more frequently in diffuse large B-cell lymphoma (62%) than MALT lymphomas (6%).
The average sizes of MALT lymphomas and diffuse large B-cell lymphomas were 31 mm and 62 mm, respectively. About half of the MALT lymphomas were localized in the submucosa, whereas 80% of the diffuse large B-cell lymphoma cases involved the subserosa or deeper tissues. Histologically, plasmacytic differentiation was found in seven MALT lymphomas often associated with Dutcher bodies (Fig. 1) . Three of 13 cases of diffuse large B-cell lymphoma included low-grade MALT lymphoma components (Fig. 1) .
Clinical Outcome and Therapeutic Ways
Clinical outcome, therapeutic methods, and responses were summarized in Table 3 . In 35 MALT lymphoma cases of Clinical Stage I or II, 29 cases (83%) achieved complete remission, and 6 (17%) were partial response or refractory. In contrast, in nine Stage IV cases, two (22%) were complete remission, and seven (78%) were partial response or refractory. In eight cases of diffuse large B-cell lymphoma at Clinical Stage I or II, seven cases were complete remission and one case was partial response or refractory. In two diffuse large B-cell lymphoma cases at Clinical Stage IV, one achieved complete remission, and the other case was partial response or refractory. There were various kinds of therapeutic ways, and we summarized them into two groups: one group with surgical or endoscopic resection (resected group) and another group without resections (unresected group). In MALT lymphoma cases, 39 were in the resected group and 5 were in the unresected group. In the resected group, 30 cases achieved complete remission, and 9 cases were partial response or refractory. In the unresected group, 1 was complete remission, and 4 were partial response or refractory. For diffuse large B-cell lymphomas, seven were in the resected group, and all achieved complete remission. The other three cases were in the unresected group, and one was complete remission and two were partial response or refractory.
In the present study, four patients examined died: two MALT lymphoma cases and two diffuse large B-cell lymphomas; one was at Stage I, another one at Stage II, and the other two at Stage IV. The MALT lymphoma patient at clinical Stage I died of urothelial carcinoma, and the other three cases died of lymphoma.
Clonalities and Detection of API2-MALT1 Fusion Gene
As shown in Table 1 , monoclonality was detected in 73% of MALT lymphomas and 83% of diffuse large B-cell lymphomas.
API2-MALT1 fusion genes were detected in 7 cases (15%) of MALT lymphoma and 1 case (8%) of diffuse large B-cell lymphoma (Fig. 2, Table 1 ). This diffuse large B-cell lymphoma contained a MALT lymphoma component (Fig. 1) . All cases had the A1446 breakpoint in the API2 gene on the 11th chromosome. As for the MALT1 gene on 18th chromosome, 5 cases had the M814 breakpoint, 1 had the M1123 breakpoint, and 2 had the M1150 breakpoint (Fig. 3) .
Relevance of API2-MALT1 Positivity to the Clinical and Pathological Features
In MALT lymphomas, the mean tumor size of API2-MALT1-positive cases was 62 Ϯ 38 mm (mean Ϯ SD), statistically larger than that of API2-MALT1-negative cases (25 Ϯ 19 mm; P Ͻ .01). The clinical stage and patient gender were also statistically different between API2-MALT1-positive and negative patients (P Ͻ .001 and P Ͻ .01, respectively). The age, depth of tumors, number of tumors, shape, and International Prognostic Index demonstrated no significant relevance to API2-MALT1 positivity (Table 4) .
Correlation of BCL 10 Nuclear Expression and API2-MALT1 Fusion Gene
BCL10 immunostaining was performed and evaluated in 30 cases of MALT lymphoma and 10 of diffuse large B-cell lymphoma. The positive nuclear immunostaining pattern for BCL 10 was observed in 9 cases of MALT lymphoma and 4 cases of diffuse large B-cell lymphoma. Nuclear immunostaining of BCL10 was displayed at a significantly higher rate in the API2-MALT1-positive MALT lymphomas (P Ͻ .01; Table 4 ). In the API2-MALT1-positive diffuse large B-cell lymphoma, the positive nuclear pattern for BCL 10 was detected in the proliferating large cells (Fig. 4) .
DISCUSSION
We examined clinicopathological features of 47 MALT lymphomas and 13 diffuse large B-cell lymphoma arising from the colon and rectum. The patients with MALT lymphoma negative for API2-MALT1 fusion gene exhibited a female predomi- nance (occurrence approximately three times more commonly than in males), but diffuse large B-cell lymphoma cases did not show such a tendency. This might be related to the fact that MALT lymphomas are often associated with an autoimmune state (1, 30) , which is known to occur more frequently in females. In contrast, the API2-MALT1-positive cases actually demonstrated a male predominance in our series. As the number of API2-MALT1-positive cases was rather small, it may be difficult to form a conclusion. However, our data suggest that the lymphomagenesis of API2-MALT1-positive cases is different from that of other ordinary MALT lymphomas.
A few cases exhibiting regression of colorectal MALT lymphomas after eradication of H. pylori have been reported (22, 23) . However, these cases may be etiologically related to unknown microorganisms, because H. pylori was not found in the colon or rectum. In our series, eight cases treated with antibiotics did not show any clear improvement. H. pylori was detected in five of eight cases that were treated with eradication. There was no clear relationship between H. pylori infection and t (11;18) . In most cases, tumor cell infiltrates were mainly confined to the submucosa, forming elevated lesions (polypoid lesions or submucosal tumors) as previously reported (31). We did not observe significant differences in tumor shapes between API2-MALT1 positive and negative cases as reported in the gastric case (16) . As tumors from API2-MALT1-positive cases often also displayed similar reactive germinal centers as those from API2-MALT1-negative cases (data not shown), chronic inflammation may be associated with lymphomagenesis even in API2-MALT1-negative cases. In contrast, most diffuse large B-cell lymphoma formed ulcerative lesions (similar to those in advanced cancers), were larger in diameter, and infiltrated more deeply than MALT lymphomas.
There was a good correlation between API2-MALT1 positivity and clinical stages in MALT lymphomas. API2-MALT1-positive cases had larger tu- mors, in more advanced clinical stages. Advanced tumor stage at diagnosis (including regional lymph node infiltration) is one of the predictive prognostic factors of gastrointestinal lymphomas (31) (32) (33) (34) (35) . In our cases, however, there was no significant difference in prognosis between API2-MALT1 -positive and negative cases of MALT lymphoma. In MALT lymphoma cases, 42 patients were alive for the follow-up period, and only 1 patient died of lymphoma; the patient in the other case died of urothelial carcinoma. It is said that MALT lymphomas demonstrate indolent progression and result in a good prognosis. For patients diagnosed in the early stage of the gastric lymphoma, the 5-year survival rate is Ͼ90%, and 10-year survival is about 70% (32, 34) . Our data indicate that colorectal lymphomas also have a good prognosis as a whole. However, it has been reported that MALT lymphomas in the advanced stage are resistant to chemotherapy and have a rather poor prognosis (34, 35) . Therefore, the API2-MALT1-positive group might have a poor prognosis if longer follow-up data are examined. As shown in Table 3 , achievement of complete remission was closely related to lower clinical stage. Most patients were treated with surgery or endoscopic resection, and being in the unresected group may result in failure of remission, though such cases were rather small in number. Patient death seemed to relate to advanced clinical stage.
BCL 10 is a novel gene cloned from the t(11;18) translocation breakpoint, and its product functions as one of the apoptosis regulatory molecules (36, 37) . In the present study, most cases positive for the API2-MALT1 fusion gene displayed nuclear immunostaining with BCL10, which is compatible with a previous report (38) . BCL10 binds to the Ig-like domains of MALT1, and the complex functions in the inhibition of apoptosis (39) . What kind of other abnormalities involved in t(11;18)-negative cases that had nuclear expression of BCL10 remains unclear now. The API2-MALT1 fusion gene was detected in one of the 13 diffuse large B-cell lymphoma cases. In this case, which contained a lowgrade MALT lymphoma component, nuclear staining of BCL10 was observed in large lymphoma cells as well as MALT lymphoma cells. This is supportive evidence for high-grade progression of the low-grade component. We checked BCL-6 expression and found that large cells of this case expressed BCL-6 (data not shown). This finding is similar to that in a previous report of gastric lymphoma (40) . Some allelic imbalances and microsatellite instability were found in both t(11;18)-negative MALT lymphomas and diffuse large B-cell lymphoma, but rarely in t(11;18)-positive MALT lymphomas (41, 42) . This is compatible with previous reports that t(11;18) is not detectable in diffuse large B-cell lymphoma (43) (44) (45) (46) . However, our findings indicate the possibility that t(11;18)-positive MALT lymphoma could, on some occasions, transform into diffuse large B-cell lymphoma when an additional genetic aberration was added. Interestingly, we also have a similar case in ocular adnexa lymphomas that has recently been published in this journal (47) .
In summary, most colorectal MALT lymphomas demonstrate indolent progression, and therefore, partial resection is thought to be the first line of therapy. API2-MALT1-positive tumors tend to be larger in size and in the advanced stage. These should be cared for as a more aggressive subgroup and be followed for a longer time.
